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Materials with flat electronic bands often exhibit exotic quantum phenomena owing to strong
correlations. Remarkably, an isolated low-energy flat band can be induced in bilayer graphene by
simply rotating the layers to 1.1◦, resulting in the appearance of gate-tunable superconducting and
correlated insulating phases. Here, we demonstrate that in addition to the twist angle, the interlayer
coupling can also be modified to precisely tune these phases. We establish the capability to induce
superconductivity at a twist angle larger than 1.1◦ — in which correlated phases are otherwise absent
— by varying the interlayer spacing with hydrostatic pressure. Realizing devices with low disorder
additionally reveals new details about the superconducting phase diagram and its relationship to
the nearby insulator. Our results demonstrate twisted bilayer graphene to be a uniquely tunable
platform for exploring novel correlated states.
The electronic properties of many materials are well
described by assuming that non-interacting electrons
simply fill the available energy bands. However, for sys-
tems with narrowly dispersing flat bands in which the ki-
netic energy is small relative to the Coulomb energy, the
assumption that electrons are non-interacting is no longer
valid. Instead, the electronic ground state is driven by
minimizing the mutual Coulomb repulsion between elec-
trons. This can lead to the emergence of correlated elec-
tron phases, often with interesting new properties. It has
recently been demonstrated that heterostructures con-
sisting of layered two-dimensional materials provide a re-
markably simple avenue to reach this condition, where
narrow isolated bands can be realized simply by tun-
ing the rotational ordering between layers [1–4]. Bi-
layer graphene, which normally consists of two vertically
stacked monolayer graphene layers arranged in an AB
(Bernal) stacking configuration, provides a dramatic ex-
ample. Upon rotating the layers away from Bernal stack-
ing to the so-called “magic angle” of ∼ 1.1◦, the interplay
between the resulting moire´ superlattice and hybridiza-
tion between the layers leads to the formation of an iso-
lated flat band at the charge neutrality point [1]. Near
this flat band angle, recent experiments have observed
correlated insulator phases at half band filling [5] and
superconductivity upon doping slightly away from half
band filling for hole-type carriers [6].
The discovery of superconductivity in twisted bilayer
graphene (tBLG) has sparked intense interest owing in
part to the possibility that it arises from an unconven-
tional electron-mediated pairing mechanism (see SI for
an overview of the recent theoretical literature). The
material composition is remarkably simple, comprising
only carbon atoms. Unlike most unconventional super-
conductors, where exploring different carrier density re-
quires growing different samples, in tBLG the entire cor-
related phase diagram can be accessed in a single device
by field effect gating. Additionally, the available degrees
of freedom in tBLG, including twist angle control [1], in-
terlayer separation [7, 8], and displacement field-induced
layer imbalance [1, 9], provide opportunities to experi-
mentally tune the electronic structure in ways that are
difficult or impossible to access in previously investigated
superconductors.
Here we present measurements of both the supercon-
ducting and correlated insulating states in tBLG at the
flat-band condition. We study three separate devices,
fabricated in a fully-encapsulated, dual-graphite gate
structure in an attempt to enhance device mobility and
minimize effects of charge inhomogeneity [10]. In two
devices, which have twist angles close to 1.1◦, we ob-
serve new correlated phases, including a superconduct-
ing pocket near half-filling of the electron-doped band
(previously superconductivity was only observed in the
hole-doped band) and resistive states at quarter-filling
of both bands that emerge in a magnetic field. Varying
the layer imbalance with displacement field reveals an
unexpected competition between superconductivity and
the correlated insulator phases, which we interpret to
arise from differences in disorder of each graphene layer.
In-plane magnetic-field dependence suggests a complex
interplay between spin and valley degrees of freedom.
The third device is fabricated at an angle of 1.27◦,
which is sufficiently far from the flat-band angle such
that signatures of correlated states are largely absent.
However, we demonstrate the ability to recover the flat-
band condition and observe strongly correlated phases
at this angle by applying hydrostatic pressure to reduce
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2FIG. 1. Superconductivity in a 1.14◦ device. (A) Schematic of an all-van der Waals tBLG heterostructure. tBLG is
encapsulated between flakes of BN, with encapsulating flakes of few-layer graphite (FLG) acting as gates. (B) Temperature
dependence of the resistance of device D1 over the density range necessary to fill the moire´ unit cell, n ∈ [−ns, ns] at D = 0.
The resistance drops to zero over a finite range of n for electron (n > ns/2) and hole (n < −ns/2) doping. (C) Resistance
as a function of temperature at optimal doping of the hole- and electron-doped superconductors in blue and red, respectively.
(D) Resistance of device D1 as a function of displacement field. At −ns/2 an insulating phase develops at positive D, while
a superconducting phase develops at negative D. (E-G) Fraunhofer-like quantum interferences of the critical current, arising
from one or more Josephson weak links within the sample, measured at: (E) n = −2.03 × 1012 cm−2 and D = +0.61 V/nm,
(F) n = −1.76 × 1012 cm−2 and D = −0.59 V/nm and (G) n = −1.52 × 1012 cm−2 and D = −0.17 V/nm. A pi-junction is
observed in (G). The measured temperature is T ≈ 10 mK for all data sets unless otherwise noted.
the separation between the two graphene layers [11]. In
the superconducting phase, the critical temperature Tc
increases above 3 K at ∼1.3 GPa and then diminishes
with further pressure. The optimal pressure observed at
this angle is in excellent agreement with theoretical ef-
forts to model the relationship between bandwidth and
interlayer spacing [7, 8], establishing layer compression as
a viable route to engineer the bandwidth in this system.
Moreover, this device shows much higher homogeneity,
revealing new details about the phase diagram of the su-
perconducting and correlated insulating states. High res-
olution magnetoresistance oscillations in this device lend
new insights into the structure of the flat electronic band
and its relationship to the observed correlated states.
Dual-gated twisted bilayer graphene
Fig. 1A shows a schematic of our device structure. We
fabricate BN-encapsulated tBLG using the “tear and
stack” method to control the graphene alignment [12],
and additionally include top and bottom graphite gates.
The all-van der Waals device geometry has previously
been shown to significantly increase charge homogene-
ity as compared with the evaporated metal or degener-
ately doped silicon gates [10]. Additionally, the dual-gate
structure allows us to independently vary the charge car-
rier density and transverse displacement field, and exper-
imentally investigate the effects of interlayer bias on the
correlated states [1, 9, 13].
Fig. 1B shows the density-dependent resistance of de-
vice D1, with interlayer twist angle θ ≈ 1.14◦. The device
exhibits low charge carrier inhomogeneity of δn < 2×1010
cm−2 measured by the full width at half maximum of
the resistance peak at the charge neutrality point (CNP).
The low charge disorder is further confirmed by the emer-
gence of fractional quantum Hall states at magnetic fields
as low as ∼4 T [14]. In Fig. 1B, the resistance is plot-
3ted over nearly the full density range of the flat band.
We identify the boundaries of the flat band by the ap-
pearance of strongly insulating response at densities sym-
metrically located around the CNP [14]. We then use
a normalized density scale to define partial band filling
with +ns and −ns corresponding the electron- and hole-
doped band edges with ±4 electrons per moire´ unit cell,
respectively. Within the flat band we observe resistive
states at the CNP, as well as at ±ns/2 and +3ns/4. At
base temperature of ∼ 10 mK, regions of superconductiv-
ity appear both in the hole- and electron-doped regions,
with the resistance dropping to zero for densities near
±ns/2.
In the hole band, the density and magnetic field de-
pendence of the superconducting response resembles pre-
vious observations [6], with two low resistance pockets
flanking the correlated insulating state at −ns/2 at in-
termediate temperatures but with the insulating response
growing weaker at base temperature [14]. In both bands
superconductivity appears more robust on the high den-
sity side of the insulator, |n| > | ± ns/2|, and is much
weaker or absent on the low density side, |n| < | ±ns/2|.
In the hole band the low density pocket is not fully su-
perconducting at 10 mK, while in the electron band no
signature of superconductivity appears at all down to
base temperature, for similar doping range.
Fig. 1C shows the resistance versus temperature mea-
sured at optimal doping of both the hole- and electron-
type superconducting pockets. The critical temperature
is ∼0.25 K for electron-type carriers and ∼0.4 K for hole-
type carriers, defined as the crossover point of linear fits
to the low and high temperature portions of the resis-
tance curves on a logarithmic scale. The hole-band Tc
is similar to that reported previously for a similar twist
angle (Ref. 6), however this is the first observation of su-
perconductivity for electron-type carriers in tBLG. While
the band structure of tBLG is not anticipated to be pre-
cisely particle-hole symmetric, the observation of super-
conductivity over similar ranges of density for both elec-
tron and hole carriers suggests a likely connection be-
tween the mechanism driving the superconducting phases
of both carrier types.
The transport properties of graphene bilayers are
generically strongly tunable with D [15], however the-
oretical modeling of flat-band tBLG suggests that trans-
verse field should have little to no consequence due to
the strong interlayer hybridization [1, 9, 13]. Fig. 1D
shows the device resistance as a function of displacement
field. The superconducting regions appear to be largely
insensitive to D, exhibiting for instance similar Tc at very
positive and negative values of D [14]. In contrast, the
insulating state at −ns/2 shows a strong dependence on
D, with resistance exceeding 10 kΩ for positive D but
appearing to drop to zero for negative D. Similarly, the
peak resistance at +3ns/4 in the electron band also varies
strongly but exhibits the opposite dependence, becoming
less resistive at large, positive D. This opposite trend
with D between the electron and hole bands suggests
that the insulating state is suppressed when the carri-
ers of either sign are polarized towards the same (top)
graphene layer. This response is unexpected and likely
to be extrinsic, as freestanding tBLG is symmetric under
layer interchange, which corresponds to inversion of the
sign of D.
Influence of disorder
We conjecture that the superconductor to insulator tran-
sition observed at −ns/2 is a consequence of disorder.
In particular, polarizing carriers to a more disordered
graphene layer may favor formation of a percolating su-
perconducting network that short circuits the insulating
phase at −ns/2. While this may arise as a consequence
of charge disorder, the measured charge fluctuations are
∼ 1010 cm−2, insufficient to mix these phases across their
native separation in carrier density, which is an order
of magnitude larger. We do, however, observe trans-
port signatures of spatial inhomogeneity in the period
of the moire´ pattern, marked by significant variations in
the densities of the full-filling insulating states at ±ns
measured between different pairs of contacts in the sam-
ple [14]. This is consistent with recent TEM imaging
of similar tBLG devices [16], suggesting spatial varia-
tions in the moire´ period may be ubiquitous in these
structures. Moreover, we note that the top and bottom
BN layers are randomly oriented — different rotational
alignments to the top and bottom graphene layers, as
well as inhomogeneity in the structural relaxation for a
given graphene/hBN interface, could result in a layer-
asymmetric response under applied D.
Evidence of a percolating superconducting network
is provided by measurements of the differential resis-
tance dV/dI as a function of applied current Idc and B.
Fig. 1E-G shows three different measurements, sampling
different regions of the D versus n response shown in
Fig. 1D. Periodic oscillations in the critical current Ic, re-
sembling Fraunhofer interference, suggest quantum phase
coherent transport arising from interspersed regions of
superconducting and metallic/insulating phases within
the device. The period of the oscillations ∆B varies from
2 to 4 mT, indicating an effective junction area of S ≈
0.5-1 µm2, using S = Φ0/∆B, where Φ0 = h/2e is the
superconducting flux quantum, h is Planck’s constant,
and e is the charge of the electron. This constitutes as
much as ∼40% of the device area.
The variations among the quantum interference pat-
terns appearing in Figs. 1E-G confirm that the micro-
scopic structure of superconducting regions are tunable
with n and D. Strikingly, Fig. 1G, measured at −ns/2
and negative D, shows a minimum in Ic at B = 0, with
Ic increasing to a maximum near ±4 mT, indicative of
a Josephson junction with pi phase in its ground state.
pi-junctions most commonly arise in two situations: in
4FIG. 2. Driving superconductivity and correlated insulating states with pressure. (A) Conductance of device D2
(1.27◦) measured over the entire density range necessary to fill the moire´ unit cell at 0 GPa (gray) and 2.21 GPa (blue) at T =
300 mK. Correlated insulating phases are only very weakly resistive at 0 GPa, but develop into strongly insulating states at high
pressure. The conductance is measured in a two-terminal voltage bias configuration and includes the contact resistance. (Inset)
Cartoon schematic illustrating the decrease in interlayer spacing of the tBLG under high pressure. (B) Device conductance
versus T−1 at −ns/2, normalized to its value at T = 25 K (acquired at the density of the orange arrow in panel A). (C)
Four-terminal device resistance versus T for hole doping slightly larger than −ns/2, normalized to its value at T = 4.5 K. The
device is a metal at 0 GPa, but becomes a superconductor at high pressure. The two curves at high pressure are taken at
optimal doping of the superconductor, and the curve at 0 GPa is taken at the same density as the 1.33 GPa curve (i.e. acquired
roughly at the density of the blue arrow in panel A). (D) Energy gaps ∆ of the correlated insulating phases versus pressure,
extracted from the thermal activation measurements in (B) and fit according to G(T ) ∝ e− ∆2kT , where k is the Boltzmann
constant. Error bars in the gaps represent the uncertainty arising from determining the linear (thermally activated) regime
for the fit. (E) Tc of the superconducting phase versus pressure. Tc is defined as the crossover point between low and high
temperature linear fits to the curves in (C). The upper bound for the 0 GPa curve represents the base temperature of the fridge.
Josephson junctions consisting of conventional supercon-
ductors with a ferromagnetic weak link [17], and in su-
perconductors with sign-changing order parameters [18].
Either scenario may apply to our data. The first scenario
is consistent with the observation that the pi-junction is
observed at −ns/2, where non-superconducting regions
of the sample are likely in a correlated, presumably mag-
netic insulator which may break pairs in the supercon-
ductor. The second scenario is consistent with theoretical
predictions of unconventional pairing symmetry, includ-
ing d-wave pairing. Our results suggest that gate-tuned
Josephson junctions realized in more homogeneous de-
vices may prove a powerful tool for investigating the na-
ture of the superconductor and its relationship to the
correlated insulator.
Bandwidth tuning with pressure
The width of the flat bands in tBLG is determined by
an interplay between the momentum-space mismatch of
the Dirac cones between the graphene layers (set by the
twist angle) and the strength of the layer hybridization
(set by the interlayer spacing). The graphene interlayer
spacing can be decreased by applying hydrostatic pres-
sure [11], while leaving the interlayer rotation fixed [14].
Pressure can therefore theoretically be used to achieve
the flat band condition at arbitrary twist angle, relax-
ing the need for precise angle tuning [7, 8]. Furthermore,
inducing the flat band at higher twist angle has been pro-
posed as route towards increasing the energy scale of the
superconductor[6–8].
Fig. 2A shows the conductance G versus density for a
device, D2, with twist angle θ ≈ 1.27◦. The gray curve in
5FIG. 3. Phase diagram of tBLG under pressure. (A) Resistance of device D2 (1.27◦) over a small range of carrier density
near −ns/2 versus T . An insulating phase at −ns/2 neighbors a superconducting pocket at slightly larger hole doping. An
apparent metallic phase separates the two [14], but is obscured by a region of artificially negative resistance in the contacts used
for this measurement (colored in white). (B) Similar map as a function of B. (C) Resistance as a function of T at 2.21 GPa
at −ns/2 (red) and at optimal doping of the superconductor (blue). (D) Map of dV/dI versus Idc and B at n = −2.1× 1012
cm−2, T = 300 mK, and 1.33 GPa. The map is acquired using different contacts from panels (A) and (B), and in particular
exhibits a lower upper critical field Hc2.
Fig. 2A shows the ambient-pressure response. Strongly
insulating states appear at full filling of the moire´ unit
cell±ns, indicating the presence of an isolated low-energy
band. However, only very weakly insulating states (con-
ductance minima) are observed at ±ns/2 and around
±3ns/4, and no evidence of superconductivity is present,
suggesting at this angle the low energy band does not
support strong correlations. The blue curve shows the
conductance of the same device under 2.21 GPa of hy-
drostatic pressure. Insulating states at several rational
fillings of the moire´ unit cell become evident — most no-
tably at ±ns/2 and +3ns/4, as well as more weakly at
+ns/4 and −3ns/4. Fig. 2B plots the conductance of the
device at−ns/2 as a function of temperature for the three
values of pressure we applied, illustrating the crossover
from metallic to insulating behavior under pressure and
consistent with pressure-induced bandwidth tuning.
In addition to strong insulating phases, we also ob-
serve a pressure-induced emergence of superconductiv-
ity. For hole doping slightly beyond −ns/2, the device
exhibits metallic temperature dependence under ambient
pressure but superconducting behavior at high pressure,
with the resistance rapidly dropping to the experimental
noise floor of ∼10 Ω (Fig. 2C). In the pressure range that
we study, the insulating gaps (measured by thermal acti-
vation, Fig. 2D) and Tc of the superconductor (Fig. 2E)
vary non-monotonically with pressure, with both reach-
ing their highest measured values at 1.33 GPa. We also
observe the onset of electron-type superconductivity for
electron-doping just larger than +ns/2, as evidenced by
a sharp drop in the device magnetoresistance around B =
0 [14]. However it appears to have a much lower Tc than
its hole-doping counterpart, preventing detailed study in
pressure experiments where our base temperature was
limited to 300 mK.
Recent bandstructure calculations indicate that the re-
lation between bandwidth and pressure depends on the
twist angle [7, 8]. For a 1.27◦ tBLG the minimum band-
width is theoretically predicted to be in the range of 1.3
GPa to 1.5 GPa [7, 8], in remarkably good agreement
with the pressure value where we observed maximum Tc.
We note that the largest measured Tc we induce with
6pressure is ∼3 K, nearly an order of magnitude larger
than observed in Device D1 and roughly a factor 2 larger
than reported by Cao et al. [6]. This relative increase
in Tc could result from an increase in the Coulomb in-
teraction energy scale resulting from the reduced moire´
wavelength at the larger twist angle of this device [6–8],
but may also relate to differences in sample disorder.
Figs. 3A and B plot the device resistance around−ns/2
as a function of temperature T and magnetic field B,
respectively, under a pressure of 1.33 GPa. We ob-
serve a state with strongly insulating temperature de-
pendence at −ns/2, with a pocket of superconductivity
at slightly larger hole doping and metallic behavior at
slightly smaller hole doping. Our results differ from those
of our device D1 and of the devices reported in Ref. 6 in
several ways. First, the device resistance in Fig. 3A grows
quickly as the temperature is lowered, while in prior de-
vices it drops towards zero (e.g., for negative values of
D for device D1). Second, we observe a pocket of super-
conductivity only for n < −ns/2, whereas prior devices
additionally exhibit superconductivity for n > −ns/2.
Third, we find evidence for a metallic phase separating
the superconducting and insulating phases. While this is
partially obscured in Fig. 3A by an anomalous region of
apparent negative resistance in this region arising from a
measurement artifact (colored in white), measurements
using other contacts (as well similar measurements at
2.21 GPa) exhibit more clear evidence of the metallic
phase [14].
Fig. 3C shows a comparison of the resistance versus
temperature of the insulating (red) and superconduct-
ing (blue) state, measured at 2.21 GPa. The two phases
onset at remarkably similar temperatures with the resis-
tance in both cases diverging at around 5 K from the high
temperature metallic behavior. Similar behavior is also
observed in device D1, where additionally we found that
similar critical currents quench each phase to the normal
state resistance [14]. These observations suggest that the
insulating and superconducting phases share similar en-
ergy scales, constraining models in which the supercon-
ductivity arises as a daughter-state of the insulator.
The lack of strong magnetoresistance oscillations in
Fig. 3B suggests that this sample is highly homogeneous.
To confirm this, we plot dV/dI as a function of B and
Idc in Fig. 3D, and find that Ic decreases roughly lin-
early with B and, unlike device D1, does not exhibit
quantum interference patterns associated with junction-
limited superconductivity. We have additionally mea-
sured the phase diagram of this device as a function of
D, and do not observe a significant displacement field de-
pendence (in particular there is a robust insulating state
at −ns/2 for all D) [14]. We interpret these observations
to indicate that this device is less disordered than those
previously reported, suggesting that details of the associ-
ated superconducting and insulating response may more
faithfully represent the disorder-free phase diagram. The
reasons for the reduced disorder in this sample are not
fully understood. This may be emblematic of larger twist
angle devices where the combination of smaller moire´ pe-
riod and applied pressure minimize the contribution of
spatial inhomogeneity. However, owing to the limited
sample size we also can not rule out random sample-
to-sample variation. A systematic study of the interplay
between twist angle and pressure — preferably in a single
device [11, 19] — will be needed to resolve these issues.
Quantum oscillations and new Fermi surfaces
The high degree of structural and charge homogeneity
in our samples further allows high resolution measure-
ments of magnetoresistance oscillations associated with
cyclotron motion of electrons. Quantum oscillations at
low magnetic fields give detailed information about elec-
tronic band structure, as their periodicity can be used
to infer the areal size of the Fermi surface. Moreover,
their degeneracy reflects the presence of spin, valley, and
layer degrees of freedom. Fig. 4A shows magnetoresis-
tance data from device D2 at 1.33 GPa. Several sets
of seemingly independent Landau fans are observed, in-
dicated schematically in Fig. 4B. In contrast to devices
with larger twist angle, none of the quantum oscillations
showD-tuned Landau level crossings [14]. Near the CNP,
we observe a 4-fold degenerate sequence of quantum os-
cillations, with dominant minima at ν = ±4,±8,±12, ...
at low magnetic field, where ν = nh/(eB) is the Landau
level filling factor relative to charge neutrality.
At +ns/4, ±ns/2, and ±3ns/4, the carrier density ex-
tracted from the Hall effect approaches zero [14], indi-
cating the formation of new, small Fermi surfaces. These
fillings also spawn independent series of quantum oscil-
lations. At ±ns/2, oscillations clearly exhibit 2-fold de-
generacy at very low fields, suggesting that the combined
spin- and valley- degeneracy is partially lifted [6]. In
contrast, the sequences of quantum oscillations emerging
from ±3ns/4 exhibit no additional degeneracy, suggest-
ing that all degeneracies are lifted in these Fermi surfaces.
The sequence emerging from +ns/4 appears to be 2-
fold degenerate but, interestingly, is odd-dominant with
primary oscillations observed at ν = +1,+3,+5, ...,
where ν is defined relative to +ns/4. While neither a
resistive state nor quantum oscillations are observed orig-
inating from −ns/4, we observe a shift in the dominant
filling sequence for the CNP fan when the carrier density
reaches −ns/4. Around this density, the best pronounced
oscillations transition from a ν = −4,−8,−12, ... se-
quence near the CNP to ν = −10,−14,−18, ... for n <
−ns/4. Fig. 4C-D show a detailed view of this transition
highlighting the crossover of the dominant sequence.
Some of our observations are likely accounted for by
the single particle band structure of tBLG. However,
currently available models predict eightfold degeneracy
near the CNP, arising from spin, valley, and layer de-
grees of freedom [20]. We note that our observed CNP
7FIG. 4. Quantum oscillations in flat-band twisted BLG. (A) Landau fan diagram of device D2 (1.27◦) at 1.33 GPa up
to full-filling of the moire´ unit cell at T = 300 mK. Quantum oscillations emerge from the CNP with dominant degeneracy
sequence of ν = ±4,±8,±12, ... at low field. Separate sequences of quantum oscillations emerge from +ns/4 with dominant
sequence of ν = +1,+3,+5, ..., from ±ns/2 with dominant sequence of ν = ±2,±4,±6, ..., and from ±3ns/4 with dominant
sequence of ν = ±1,±2,±3, .... Regions of negative measured voltage are set to zero resistance for clarity, most prominently
affecting the high-field region of the map between +ns/2 and +3ns/4. (B) Schematic Landau level structure corresponding to
the observations in (A). Only the Landau levels persisting to the lowest fields are plotted, while by 6 T states at all filling factors
are observed. (C) Zoom-in of (A) around −ns/4. (D) Schematic Landau level structure corresponding to the observations in
(C). The dominant degeneracy sequence evolves smoothly from ν = −4,−8,−12, ... at low density to ν = −10,−14,−18, ... at
high density, switching around −ns/4.
sequence is identical to that in Bernal stacked bilayer
graphene, where interlayer tunneling leads to hybridiza-
tion. Quadratic band touching reminiscent of that sys-
tem does feature in several recent models of tBLG flat
bands [21, 22]; however, these models also feature addi-
tional Dirac point band crossings at low energy. Massless
Dirac points may play a role in phase shifts observed in
the quantum oscillations near ±ns/4: the 1, 3, 5... and
10, 14, 18... sequences are consistent with quantum os-
cillations of a single massless Dirac cone with pi-Berry
phase, with two-fold and four-fold degeneracy, respec-
tively. Alternatively, these phase shifts can arise when
cyclotron mass m∗ becomes comparable to the bare elec-
tron mass me, leading to a coincidence between Zeeman
split Landau levels in different orbitals. Cyclotron mass
measurements may be able to distinguish these two band-
structure driven scenarios.
In contrast to the features near the CNP, a single-
particle model fails to predict the emergence of new se-
quences of quantum oscillations emerging from gapped
states at commensurate fillings of the moire´ unit cell.
Furthermore, for each of the commensurate fillings, the
associated quantum oscillations disperse only in a sin-
gle direction for each carrier type (away from the CNP)
and abruptly terminate at the next commensurate filling.
In contrast, a simple band structure model with gapped
bands at commensurate filling would lead to quantum
oscillations emerging in both directions, raising ques-
tions regarding the detailed structure of the interaction-
modified bands.
Isospin ordering of the correlated insulators
Our observation that superconductivity appears only
at densities coincident with lower-degeneracy quantum
oscillations near half-filling — but not near insulating
states at quarter- and three-quarter filling — suggests
that the nature of symmetry breaking may be integral
to superconductivity. A wide array of candidate states
have already been proposed in the literature to describe
the correlated insulating states, including antiferromag-
8netic Mott insulators, charge density waves, Wigner crys-
tals, and isospin ferromagnetic band insulators [20, 23–
29]. Parallel magnetic field measurements offer a sim-
ple probe of isospin physics, as a primary effect of B‖ is
to increase the Zeeman energy. Under applied B‖, the
gap of a spin-unpolarized (valley-polarized) ground state
should decrease linearly, while the gap is expected to in-
crease linearly, or remain unchanged, for spin-polarized
(valley-unpolarized) ground state ordering.
Fig. 5A shows the parallel magnetic-field response of
the conductance of device D3, with twist angle θ ≈ 1.10◦.
The conductance at zero magnetic field exhibits minima
at the CNP, ±ns/2, and +3ns/4 band filling, along with
more weakly developed features at −3ns/4 and +ns/4.
At ±ns/2 filling, the conductance minimum fades with
increasing B‖, while the opposite behavior is observed at
±ns/4. The ±3ns/4 states are insensitive to magnetic
field. Qualitatively, our observations suggest that the
±ns/2 insulators are spin-unpolarized, whereas both the
±ns/4 and ±3ns/4 are spin-polarized.
We explore this picture quantitatively using the ther-
mal activation gap of the +ns/2 state — the only com-
mensurate insulator that shows clear thermal activation
in this device — as a function of B‖ (Fig. 5B). Unexpect-
edly, it closes non-linearly with B‖, inconsistent with ei-
ther full spin- or valley-polarization. The approximately
parabolic decrease is also not consistent with antifer-
romagnetically aligned spins in opposite valleys, which
would lead to an increasing gap at larger B‖. Our finding
suggests that isospin ordering alone, without additional
symmetry breaking that lifts the degeneracy of the Dirac
band touching, may be insufficient to understand the na-
ture of the half-filling insulators.
Discussion
Accurate modeling of twisted bilayer graphene is compli-
cated by the the large size of the moire´ unit cell, which
prevents reliable band structure calculations. Moreover,
emerging literature suggests a wide variety of plausible
mechanisms and ground states for both the supercon-
ducting and insulating states. While many of these mod-
els predict unconventional all-electronic pairing mecha-
nisms [23, 25–27, 30–41], others are either explicitly or
implicitly consistent with conventional phonon-mediated
superconductivity [29, 42–46]. Our data, taken together,
highlight a number of constraints any successful theory
of tBLG should satisfy, which we summarize here.
First, our experiments confirm the basic notion that
correlation physics in tBLG arises from the interplay of
angular misalignment and interlayer tunneling [1]. We
observe insulating and superconducting states in the
same regime of angles as Cao et al. [5, 6] at ambient pres-
sure, and our finite-pressure experiments show the antic-
ipated trend, with flat-band physics appearing at larger
angles for larger applied pressure. The small and likely
extrinsic effect of displacement field is similarly consis-
FIG. 5. Parallel field dependence of correlated insu-
lating states. (A) Conductance of device D3 (1.10◦) as a
function of carrier density and B‖ at T = 300 mK. Corre-
lated insulating states at ±ns/2 are less insulating at large
B‖, while states at ±ns/4 are more insulating. The conduc-
tance of states at ±3ns/4 and at the CNP are roughly inde-
pendent of B‖. (B) Energy gap of the correlated insulating
state at +ns/2 at various B‖ measured by thermal activation.
Error bars in the gaps represent the uncertainty arising from
determining the linear (thermally activated) regime for the
fit.
tent with expectations of strong interlayer hybridization.
However, our data reveal several important new details
of the resulting correlated states themselves. Most im-
portantly, our data suggest that the intrinsic domain of
superconductivity in this system is restricted to a narrow
range of charge density at higher absolute density — but
not lower — than half-filling (i.e. |n| > |±ns/2|). Super-
conductivity occurs for both electron- and hole-doping,
and is nearly adjacent to a strongly insulating state. The
domain of superconductivity coincides with that of two-
fold degenerate quantum oscillations, indicating that a
small Fermi surface with reduced degeneracy is nucle-
ated at ns/2. Although we cannot exclude superconduct-
ing states with transitions at temperatures lower than
our experimental base temperature, we fail to observe
superconductivity near other commensurate fillings, in-
cluding several which host similar insulating states. This
suggests that the nature of the Fermi surface nucleated
±ns/2 may be essential to the onset of nearby supercon-
ductivity, although whether this is via a purely electronic
mechanism, an enhancement of density of states that fa-
vor a phonon-mediated mechanism, or some mechanism
yet to be proposed is unknown.
Finally, our results suggest that future work should fo-
9cus on improving the spatial homogeneity of the tBLG
moire´ pattern. In this study, we realized a small elec-
tronic bandwidth in a device with a smaller moire´ pe-
riod by applying pressure. Local strains in the graphene
lattice result in smaller fluctuations of the moire´ pe-
riod as the overall moire´ period is reduced [16], there-
fore we anticipate that applying higher pressure to a de-
vice with even larger twist angle could result in further
improvements to the device homogeneity. Additionally,
the smaller moire´ period is anticipated to drive stronger
Coulomb repulsion, potentially leading to larger energy
scales for the superconducting and correlated insulating
phases [6–8]. Reliable fabrication of highly homogeneous
samples will be critical for further progress in under-
standing the mechanisms driving the correlated phases
observed in these systems, especially in experiments per-
formed without the use of pressure.
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SUPPLEMENTARY INFORMATION
Methods
All devices in this study consist of twisted bilayer
graphene encapsulated between flakes of BN, typically
between 30-60 nm thick. The entire structure is encapsu-
lated between flakes of graphite which act as top and bot-
tom gates, and rests on a Si/SiO2 wafer. The heterostruc-
ture is assembled using standard dry-transfer techniques
with a poly-propylene carbonate (PPC) film on a poly-
dimethyl siloxane (PDMS) stamp [47]. The temperature
is kept below 180 ◦C throughout processing to prevent
relaxation of the tBLG to the Bernal stacking configura-
tion. Regions of the tBLG extend beyond both the top
and bottom graphite gates and are set to a high density
with a voltage on the Si gate (typically 5-40 V for SiO2
thickness of ∼285 nm) to act as transparent contacts to
the channel. Fig. S1A shows an optical microscope image
of device D2, and is qualitatively similar to all devices
used in this study. Four-terminal resistance measure-
ments are acquired with ac current excitation of 0.5-10
nA, and two-terminal conductance measurements are ac-
quired with ac voltage excitations of 50-100 µV, using
standard lock-in technique at 17.7Hz. Pressure measure-
ments are performed following the procedures detailed in
Ref. 11.
Table S1 lists details of the three devices investigated
in this study. To identify the twist angle in each device,
we first estimate ns from the high-density insulating fea-
tures. However, as these features are quite wide in gate
voltage we then refine our estimate by measuring the
density to which the sequence of quantum oscillations
at half-filling project at B = 0 (i.e. we extract ns/2).
We then determine the twist angle θ using the relation
ns ≈ 8θ2√3a2 , where a = 0.246 nm is the lattice constant of
graphene.
The tBLG is fabricated using the “tear-and-stack”
method [12], with a rotation of the transfer stage of
∼1.3◦. We find although the tBLG has a tendency to
relax to the Bernal stacking configuration, flakes can slip
during the transfer procedure and also result in twist
angles larger than intended. Contamination between
graphene layers which accrues during the transfer pro-
cedure aggregates into bubbles which are pushed out of
the channel area during lamination of the heterostructure
onto the Si/SiO2 wafer, leaving a pristine atomic inter-
face (see Fig. S1B for an atomic force microscope image
of device D2 before processing). We have found that the
BLG twist angle varies from 0◦ to 2.25◦ although the
stage is rotated by roughly the same amount during ev-
ery transfer. We speculate there are three likely sources
of this inconsistency. First, the top graphene layer may
rotate on the top BN, as the friction between these crys-
tals is small. Second, the bottom graphene layer has a
tendency to “jump” off of the Si/SiO2 wafer and onto
the stack, during which it may rotate slightly. Third, the
graphene may strain during the transfer procedure, re-
sulting in a different effective area of the moire´ unit cell
for a given angle.
Although our device exhibits signatures of low charge
disorder of order 1010 cm−2, we find there are still mark-
ers of inhomogeneity in our devices. Fig. S1C shows the
two-terminal conductance measurement of device D2 be-
tween various neighboring pairs of contacts (color coded
corresponding to the connecting lines in Fig. S1A). While
this device exhibits consistent moire´ unit cell size between
all contacts, as evidenced by the good alignment of insu-
lating states, the bottom left contact also appears to have
a region of slightly different moire´ unit cell area, judging
by the larger width of the insulating features in the red
trace. The slightly inhomogeneous contact is left float-
ing during all measurements presented in the main text,
and we do not observe signatures of significant disorder
elsewhere in the device.
In contrast, device D1 shows more obvious signatures
of structural disorder. Figs. S1D and E show optical
and atomic force microscope (AFM) images of the de-
vice, while Fig. S1F shows a comparison of the conduc-
tance between neighboring contacts on the left-hand side
of the device. In this device, we find a more obvious den-
sity offset of the full-filling insulating states, even though
there are no obvious corresponding structural defects in
the AFM image. Recent TEM imaging of small-angle
tBLG shows spatial fluctuations in the moire´ period over
length scales smaller than 1 µm [16] likely arising due
to strain, consistent with our observation of the vary-
ing area of the moire´ unit cell. For the measurements
of device D1 presented in the main text, we choose four
neighboring contacts with nearly indistinguishable two-
terminal transport characteristics, however we are not
able to detect strains on length scales smaller than the
contact separation. Further, there may also be spatially
inhomogeneous strains arising at the interfaces of the en-
capsulating BN layers.
Phase diagram of device D2
Figs. S2A and B show the resistance of device D2
around −ns/2 as a function of temperature and mag-
netic field, respectively, at 1.33 GPa using a different set
of contacts than those used to acquire Fig. 3A of the
main text. In this case, there is a region of anomalously
negative resistance (colored in white) at hole doping just
less than −ns/2. Fig. S2C shows the corresponding mea-
sured current through the device on a saturated color
scale. The black regions correspond to an attenuation
of the current when the device becomes very resistive,
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FIG. S1. Structural inhomogeneity in tBLG devices. (A) Optical microscope image of device D2. (B) Atomic force
microscope image of device D2 before etching. The outline of the Hall bar is shown in the white dashed line. (C) Two-terminal
conductance measured between the leads shown color-coded in (A) acquired at 2.21 GPa and T = 300 mK. The density
corresponding to full-filling ns is consistent across all contacts, although there is some apparent disorder in the bottom left
contact in the device (red curve). (D) Optical microscope and (E) AFM image of device D1. The outline of the Hall bar is
shown in the white dashed line. (F) Two-terminal conductance measurements, showing significant difference in the density
needed to achieve full-filling between different sets of contacts. All scale bars are 5 µm.
TABLE S1. Experimental details of the four devices in this study.
Device Angle Pressure (GPa) Base Temperature (mK) Correlated Insulators Superconductivity
D1 ∼1.14◦ 0 10 resistive states at ±ns/2
and +3ns/4
Tc ≈ 0.4 K for holes and
Tc ≈ 0.25 K for electrons
D2 ∼1.27◦ 0 300 very weakly developing at±ns/2 and ±3ns/4 none observed
D2 ∼1.27◦ 1.33 300
well-developed at ±ns/2
and +3ns/4, resistive
state at +ns/4
Tc ≈ 3.1 K for holes, still
developing for electrons
D2 ∼1.27◦ 2.21 300
well-developed at ±ns/2
and +3ns/4, resistive
state at +ns/4
Tc ≈ 1.7 K for holes, still
developing for electrons
D3 ∼1.10◦ 0 300
well-developed at +ns/2,
resistive states at +ns/4,
−ns/2, and ±3ns/4
none observed (likely due
to spatial inhomogeneity)
D4 ∼1.55◦ 0 300 none observed none observed
and corresponds to the red/yellow and white regions of
Fig. S2A. The device appears to show slightly lower Tc
using these contacts, although there is a region of lower
device resistance extending up to ∼3 K corresponding to
the Tc observed with the contact configuration used in
Fig. 3A of the main text. Notably, the lack of anoma-
lously negative resistance at hole doping just larger than
−ns/2 reveals more clearly an apparent metallic phase
separating the superconductor and insulator. Fig. S2D
shows the resistance as a function of n at T = 300 mK.
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The inset shows the differential resistance dV/dI as a
function of Idc at T = 300 mK and B = 0.
Figs. S3A and B show similar measurements of the
device resistance at 2.21 GPa, measured with the same
contact configuration used in Figs. 3A and B in the main
text (there is little difference between the two contact
configurations at this pressure). We observe an asym-
metry in the shape of the superconducting pocket with
n, although it is not clear if this is an intrinsic prop-
erty of the band structure at this pressure, or is instead
arising due to a slight increase in device disorder. We
observe the emergence of very weak quantum interfer-
ence features in measurements of dV/dI versus Idc and
B (Figs. S3C and D), especially prominent in Fig. S3D
taken at n = −2.6 × 1012 cm−2, near the minimum in
the double-pocket structure of the superconductor. The
device was removed from the pressure cell, cleaned with
solvents, and reloaded between the measurements at 1.33
GPa and 2.21 GPa, and it is possible that this procedure
resulting in slightly higher device disorder. However, it
should be noted that quantum interference effects are
weak an only arise near the edge of the superconduct-
ing pockets, therefore any influence of additional disorder
should be small.
Fig. S3E shows a measurement of Hc2 versus temper-
ature under perpendicular magnetic field at 2.21 GPa,
defined by the field at which we observe half the normal-
state resistance. Similar to the observations in Ref. 6, we
find that Hc2 is linear in T . Following Ginzburg-Landau
theory, we expect Hc2 = [Φ0/(2piξ
2
GL](1 − T/Tc), where
Φ0 = h/(2e) is the superconducting flux quantum, h is
the Planck constant, and ξGL is the Ginzburg-Landau
superconducting coherence length, which we extract to
be ξGL ≈ 68 nm at T = 0. While we have not made a
similar measurement at 1.33 GPa, we find an Hc2 ≈ 0.21
mT at 300 mK, and assuming a similar linear decrease of
Hc2 up to the critical temperature of approximately 3.15
K, we expect ξGL ≈ 38 nm at T = 0. This is notably
only a factor of a few larger than the moire´ length scale
itself, which is approximately 11 nm for device D2.
Fig. S4A shows a map of the device resistance as a
function of n and D at T = 300 mK and 1.33 GPa. In
contrast to the comparable measurement of device D1
shown in Fig. 1D of the main text, we do not observe
a transition in the state at −ns/2 from an insulator to
superconductor with D, and instead find a robust insu-
lating state at all D. While some features are weakly
tuned with D, in general the displacement field has little
effect on the phase diagram of this device.
The blue curve in Fig. S4B shows the device resistance
as a function of B for electron-doping slightly larger than
+ns/2 at T = 300 mK and 2.21 GPa, showing a devel-
oping superconducting phase. In contrast, the device re-
sistance is independent of B for smaller electron doping
(green curve) as anticipated for a metal.
Fig. S4C shows a map of Rxx at B = 2.25 T and T
= 300 mK as a function of n and D at 2.21 GPa. We
do not observe any Landau level crossings with displace-
ment field. In contrast, devices with slightly larger twist
angle exhibit numerous Landau level crossings with D.
Fig. S4D shows a comparable map acquired for device
D4, with twist angle ∼1.55◦, acquired at B = 2 T. We
do not observe any signatures of correlated insulating
states or superconductivity in this device at B = 0. In a
magnetic field, we observe eight-fold degeneracy of Lan-
dau levels near the CNP only at certain discrete values
of D, and four-fold degeneracy for the remaining values
of D. This suggests that the interlayer potential is able
to lift the layer degeneracy of the Landau levels near the
CNP, while at special values of D they become coinci-
dent. We observe four-fold degeneracy of the Landau
levels for higher values of n with no transitions as a func-
tion of D.
Quantum oscillations in device D2
Figs. S5A-C show the quantum oscillations in device
D2 for 0 GPa, 1.33 GPa, and 2.21 GPa up to 6 T.
Fig. S5D-F show corresponding schematic versions of the
observed Landau levels which persist to the lowest mag-
netic fields. We observe a dramatic change in the quan-
tum oscillations between 0 GPa and 1.33 GPa, and more
subtle differences between 1.33 GPa and 2.21 GPa. In
all cases, quantum oscillations emerging from the CNP
are colored in red and are four-fold degenerate. They
all show an apparent shift in degeneracy as discussed in
the main text around −ns/4, although the transition re-
gion is rather wide and difficult to determine at 0 GPa.
Quantum oscillations emerging from +ns/4 are observed
at 1.33 GPa and 2.21 GPa and are colored in gray. They
are two-fold degenerate and odd dominant, although at
2.21 GPa the state at ν = +1 is missing, and the degen-
eracy at high ν is difficult to determine. At ±ns/2 we
observe sequences of two-fold, even-dominant quantum
oscillations colored in blue. The sequence at +ns/2 at
0 GPa is extremely weak, and the quantum oscillations
from the CNP overlap as well.
The quantum oscillations above ±3ns/4 vary more
substantially across measurements at different pressures.
At 0 GPa, we observe sequences of four-fold degenerate
quantum oscillations emerging from ±ns and dispersing
towards the CNP, colored in gold. We observe a similar
sequence at −ns at 2.21 GPa, with an apparent two-fold
degeneracy, although the latter is hard to judge because
the quantum oscillations are obscured very near full fill-
ing. In contrast, at 1.33 GPa we observe sequences of
quantum oscillations of similar strength at all integer fill-
ing factors emerging from ±3ns/4, and at 2.21 GPa we
observe a similar sequence emerging +3ns/4. We also
typically observe quantum oscillations developing above
full filling, most clearly visible at 2.21 GPa and annotated
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FIG. S2. Phase diagram of device D2 at 1.33 GPa. (A) Device resistance around −ns/2 versus T using contacts on the
opposite side of the device from the comparable map in Fig. 3A of the main text. The region of artificially negative resistance
is on the opposite side of the insulating state using these contacts, revealing more clearly an apparent metallic phase separating
the superconductor and insulator. The apparent Tc of the superconductor is lower with these contacts, although there is a weak
region of lower resistance persisting up to the higher Tc observed with the other set of contacts. (B) Similar map versus B.
(C) Map of the current measured through the device simultaneous to the measurement acquired in (A). The measured current
is attenuated (black regions) only when the device is insulating in panel (A), i.e. the red/yellow regions and the white region
representing the artificially negative measured resistance. (D) Resistance versus n at T = 300 mK and B = 0. (inset) dV/dI
as a function of Idc at T = 300 mK and B = 0.
by the black lines.
Figs. S5G-I show the corresponding Hall density nH as
a function of total carrier density induced by the gate n,
measured from the slope of the Hall resistance Rxy at low
B following n = B/(eRxy). We find that while these two
quantities match at low density, the magnitude and even
sign of nH changes for higher filling, typically associated
with the emergence of correlated insulating states in Rxx
and likely an indication of the formation of new, small
Fermi surfaces at these densities.
Finally, we note that at all pressures the quantum os-
cillations from each respective Fermi surface project to
nearly identical charge carrier densities. This demon-
strates that pressure does not change the twist angle of
the BLG, and instead only modifies the strength of the
interlayer coupling, as has been observed previously in
aligned graphene on BN heterostructures [11].
Temperature and current quenching of correlated
states
Fig. S6A shows the resistance of device D1 as a func-
tion of temperature up to 15 K. We observe qualitatively
similar behavior to device D2 (Fig. 3C of the main text),
where both the resistance at −ns/2 (insulator) and at
slightly larger hole doping (superconductor) diverge from
the high-temperature metallic response around T = 5
K (Fig. S6B). To investigate this further, we measure
dV/dI in device D1 as a function of Idc and D at −ns/2
(Fig. S7A), the density where we find tunability between
the insulating and superconducting phases with D (see
Fig. 1D of the main text). Representative cuts are shown
in Fig. S7B. Notably, the critical current of the super-
conductor and insulator are very similar (denoted by the
red arrows), providing additional evidence of the compa-
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FIG. S3. Phase diagram of device D2 at 2.21 GPa. (A) Device resistance around −ns/2 versus T with the same contact
configuration used in Fig. 3A of the main text. The contact configuration used in Fig. S3 is qualitatively similar at this
pressure. (B) Similar map versus B. (C) Differential resistance dV/dI versus Idc and B at n = −2.36 × 1012 cm−2 and (D)
n = −2.53× 1012 cm−2. T = 300 mK for both (C) and (D). We observe very weak signatures of quantum interference at 2.21
GPa in (D) near the edge of the superconducting pocket. (E) Hc2 versus temperature.
rable energy scales of the insulating and superconducting
phases in these devices.
Phase diagram in device D1
Figs. S8A-D show the resistance of device D1 for hole-
doping around −ns/2 as a function of temperature (pan-
els A and B) and magnetic field (panels C and D).
Figs. S8A and C are acquired at negative D, while
Figs. S8B and D are acquired at positive D. Consis-
tent with our observations in Fig. 1D of the main text,
we find that the temperature dependence of the state at
−ns/2 resembles a superconductor at negative D and an
insulator at positive D. In contrast, Tc appears to be
independent of D. Figs. S8E-F show comparable phase
diagrams for electron-doping around +ns/2 at positive
D (there is less dependence on D for electron-doping).
Figs. S8C, D, and F exhibit oscillations in the device
resistance with B above the apparent Hc2, indicative of
quantum interference effects arising from disorder and
consistent with the observed Fraunhofer-like patterns
shown in Figs. 1E-G of the main text. A small pocket of
superconductivity also appears to develop for hole doping
slightly less than −ns/2, however this is likely a residual
effect of the same disorder effects which drive the anoma-
lous superconducting phase at −ns/2 for negative D.
Quantum oscillations in device D1
Fig. S9A shows Rxx as a function of B up to 10 T
for hole-type carriers in device D1. Fig. S9B shows the
corresponding schematic version of the observed Landau
levels which persist to the lowest magnetic fields, while
Fig. S9C shows the corresponding Hall density nH as
a function of total carrier density n. Similar to device
D2, we observe a four-fold sequence of quantum oscil-
lations emerging from the CNP with dominant filling-
factor sequence ν = −4,−8,−12, ... (red lines). We also
observe a fully symmetry-broken sequence of quantum
oscillations emerging from −ns/2, shown schematically
in the green lines, however these are very weak and it is
difficult to determine the low-field degeneracy. We also
observe two strong quantum oscillations with filling fac-
tors ν = −2 and −4 emerging from roughly −2ns/3,
without a corresponding insulating state. Additionally,
the quantum oscillations emerging from the CNP pen-
etrate through those emerging from larger values of ns.
We believe that this unusual sequence of quantum oscilla-
tions is qualitatively consistent with our understanding
of multiple moire´ domains within this device. For ex-
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FIG. S4. Displacement field dependence of device D2 and comparison to device D4 with larger twist angle. (A)
Resistance of device D2 as a function of n and displacement field at 1.33 GPa and B = 0. (B) Resistance versus B at optimal
doping of the electron-type superconductor (blue curve) at 2.21 GPa and at low electron doping in the metallic phase (green
curve) for comparison. (C) Rxx as a function of displacement field at B = 2.25 T and 2.21 GPa. No Landau level transitions
with D are observed. (D) Rxx of device D4 as a as a function of displacement field at B = 2 T and ambient pressure. Landau
level transitions are observed around the CNP at various values of D. T = 300 mK for all measurements.
ample, the sequence emerging from ∼ −2ns/3 is likely
arising from −n′s/2 of a slightly larger moire´ unit cell
somewhere within the device.
Despite the obvious signatures of structural disorder in
this device, we note that the device exhibits signatures
of very low charge disorder. In particular, we observe the
fractional quantum Hall effect in the N = 0 Landau level
at fields below 4 T (Fig. S9A). The inset of Fig. S9B
shows a cut of Rxx at 9 T (averaged from 8 to 10 T)
from ν = −2 to −4. Fractional quantum Hall states with
denominators 3 and 5 are clearly visible.
Theoretical modeling of tBLG
Since the first reports of correlated phases in tBLG
emerged [5, 6], significant theoretical effort has focused
on understanding the structure of the flat electronic
bands in tBLG, as well as the nature of the insulating
and superconducting phases. We briefly summarize these
efforts to date here. Refs. [4, 20–22, 24, 32, 33, 38, 48–55]
focus on the band structure of tBLG, discussing details
of tight-binding models, symmetry and topology consid-
erations of the bands, and Wannier orbital constructions.
Refs. [4, 20, 24, 27–31, 34–37, 41, 42, 56–59] discuss possi-
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ble mechanisms for the correlated insulating states, while
Refs. [23, 25–27, 29–46] discuss possible mechanisms for
the superconductivity. We note that there may also be
some overlap in scope within these references that is not
acknowledged here.
18
FIG. S5. Evolution of quantum oscillations in device D1 with pressure. Landau fan diagram of device D2 at T = 300
mK at (A) 0 GPa, (B) 1.33 GPa, and (C) 2.21 GPa. In all cases, a sequence of quantum oscillations at low field emerge from
the CNP with dominant degeneracy sequence of ν = ±4,±8,±12, ..., and a separate set of sequences emerge from ±ns/2 with
dominant degeneracy sequence of ν = ±2,±4,±6, .... Above ±3ns/4, quantum oscillations may disperse either towards ±ns or
towards the CNP. In the former case, states at all integer filling factors are observed. Schematic Landau level structures shown
in (D) - (F) correspond to the fan diagrams in (A) - (C). Only the Landau levels surviving to the lowest fields are annotated.
(G) - (I) Hall density nH extracted from the low-field Hall resistance as a function of total charge density induced by the gate.
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FIG. S6. Resistance as a function of temperature in device D1. (A) Resistance traces at various temperatures from
0.3 K to 15.1 K. (B) Resistance versus temperature at −ns/2 (red curve) and at optimal doping of the superconductor (blue
curve).
FIG. S7. Current breakdown of correlated phases in device D1. (A) dV/dI as a function of Idc andD at n = −1.52×1012
cm−2, corresponding roughly to −ns/2. The response evolves from an insulator at positive D to a superconductor at negative
D. (B) Individual dV/dI traces at various D. The superconducting and insulating states appear to be quenched at similar
critical currents, annotated by the red arrows.
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FIG. S8. Phase diagram of hole and electron carriers in device D1. Device resistance for hole-doping around −ns/2
versus T at (A) −0.51 V/nm and (B) +0.61 V/nm. We find that at −ns/2 the temperature dependence of the device resistance
resembles a superconductor at negative D and an insulator at positive D. (C) and (D) show comparable maps to (A) and (B)
versus B. We observe oscillations in the device resistance with B above the apparent Hc2. (E) and (F) show comparable maps
for electron-doping around +ns/2.
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FIG. S9. Quantum oscillations in device D1. (A) Landau fan diagram of device D1 for hole-type carriers at T = 10 mK.
Quantum oscillations at low field emerge from the CNP with dominant degeneracy sequence of ν = −4,−8,−12, .... Fractional
quantum Hall states emerge for fields above ∼ 4 T. Separate quantum oscillations emerge from −ns/2 and from roughly −2ns/3,
the latter of which likely corresponds to −n′s/2 of a slightly different moire´ period within the device. (B) Schematic Landau
level structure from (A). Only the Landau levels persisting to the lowest fields are plotted for states emerging from the CNP,
while all visible states are plotted for quantum oscillations emerging from higher filling. (inset) Rxx between ν = −2 to −4
averaged from B = 8 to 10 T, showing the development of fractional quantum Hall states. (C) Hall density nH extracted from
the low-field Hall resistance as a function of total charge density induced by the gate.
